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Abstract The complexity of the satellite system is increasing, and the comprehensive analysis of the
abnormal correlation between the satellite with multiple parameters is important for the safe operation
of the satellite and the correct execution of space tasks. Aiming at the characteristics of large amount of

engineering parameter data, high parameter correlation and pseudo-period, a satellite multivariate engi-
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neering parameter anomaly detection method based on symbolized representation similarity measure-

ment is proposed. Using real satellite engineering parameter data, based on Symbol Aggregation Algo-

rithm (SAX), this paper studies the anomaly detection problem of satellite multiple engineering parame-

ters, solves the problem of the context information, realizes effective fusion, and forms an optimized

anomaly detection algorithm based on similarity measurement Fast-DTW algorithm. Results show that

during the abnormality detection process, the recall, precision and F1 score are 0.947, 0.9 and 0.923 re-

spectively in the real satellite power subsystem, and the algorithm can be actually used in satellite

anomaly detection to improve the safety of satellite in-orbit operation.
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*2 MESRE(EPA) BERZ
Table 2 Extremum point acquisition

algorithm process

Input: Time series T' = (¢t1, to, .ty ), threshold

Initialize: The sliding window w = Teyee + Thtted,
t; =11

1. while i<=n do
2. t;= maximum/mininum ([¢;, ti+.])

3. t;= maximum/mininum

([titw—threshold, ti+wtthreshotd])

4. Add i and j to the extreme point set EPS
5. Set i = j

6. end while

7. return EPS

=3 D E(Segment) EiLRIE

Table 3 Segment algorithm process

Input: The extrepoint set sequence EPS = (e1, e2, ", €m ),
Time series T' = (t1,ta, ".tn)

Initialize: The sliding window size len,e; = ey

1. while i<=m do

2. te,= maximum/mininum ([te,, ti.,, +e;])

3. te;= maximum/mininum ([te;, tie,,+e;])

4. Ife; =e;

5. Add e; to the set of segmentation time points STP
6. set e; = ej;

7.  end while

8. STP = (1, 82, Sk)

9. while i<k do

10. Add [ts. t to the set of pseudo-periodic

i Vsita }
subsequences PPS

11. end while

12. return PPS
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Table 4 Results of EPA_Segment tuning

optimization algorithm

EPA_Segment EPA_Segment  Actual/
(max)/ cycle (min) / cycle cycle
2 43 35 12
3 22 20 12
4 18 16 12
5 13 12 12
6 12 12 12
7 12 11 12
8 11 10 12
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Fig. 6 Segment results of EPA Segment

algorithm when I, is 5
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Fig. 7 Effect of selectparametersnums on the evalua-

tion index of anomaly detection
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Table 5 Optimal result of the feature selection

of the power supply subsystem

PRESH FHICHEE 43 1/ (%)
I A AL ABLIR FR S 83.5
DU R 2ZALBHLBC LIRS 83.3
GNSSHEAHLAPLI HLARZ 83.0
FARBI B RS 82.9
R AR T RS 82.8
ARDLTHAC RS 82.8
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Fig. 8 Results of each evaluation index during

the parametric training process
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Table 6 Anomaly detection results for

different algorithms

WS EMF 1-NN ED KMeans ED
Recall 0.947 0.871 0.833

Precision 0.9 0.9 0.714

F1 score 0.923 0.885 0.769
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